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Engagement in Earth Science
Abstract
Many high school students are disengaged with science curriculum. This continues to be
a major need across the STEM subjects as there is a lack of students who are interested in higher
level STEM and in STEM careers, which comes at a time when the need is increasing. Earth
Science remains a subject that is not heavily emphasized in school curriculum but plays an
important role in the current and future lives of students as it covers content such as
sustainability, recycling, being responsible with resources and climate change. In order for
engagement to increase in STEM learning, a more holistic approach to learning is needed, which
calls for more hands-on activities and more inquiry-based learning. I-STEM has been shown to
be an effective way to address this as students can learn in the same way they will in the real
world when they need to cross over to other disciplines. An important way to address the current
issues with Earth Science curriculum is to create content that has an impact on their lives.
Specifically with the topic of climate change there remains a large gap between societal and
scientific understanding of climate change. For students in Grand Haven, MI, learning about
climate change means learning what changes their community will need to make in the future.
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Engagement in Earth Science
Chapter 1: Problem Statement
Many high school students are disengaged with science curriculum. Earth Science has
long been a class in which students were unmotivated and they failed to grasp the relevance for
their life (Kennedy, 2007). In high school Earth Science, there is a lack of understanding and
interest in how the material relates to them as they may not see many of these issues occurring in
their own communities. This problem is not unique to Earth Science, as it has been documented
that students' interest in science goes down as they advance toward adolescence (Osborne et al.,
2003). This also may further play a role in how students approach science in the future in both
the taking of upper-level classes and the understanding of key concepts needed for advanced
learning (Bathgate et al., 2014). Making Earth Science relevant to high school students is
imperative because the class addresses critical issues necessary for the development of students
who are informed citizens in their communities.
Rationale
A drop in students’ interest in science and science careers can be traced back to the 1960s
(Yager, R. et al., 1981; Lee et al., 2016). This can be attributed, at least in part, to the declining
interest and motivation towards science during pivotal adolescent years (Osborne et al., 2003;
Lee et al., 2016). These adolescent years of middle school and high school are when pressure to
succeed and the rigor of the schoolwork are also increasing, which may push students away from
mastery learning and toward simply achieving good grades (Lee et al., 2016). Later, the effects
of this can be felt in the greater science community because, as students lose interest in science,
they are less likely to pursue higher level science classes and less likely to be interested in a
career in the Science, Technology, Engineering and Math (STEM) field.
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The most important time to reach students who may be interested in a STEM career has
been shown to be in middle school or early high school because that is the time when many
students begin to make career choices (Sadler et al., 2012). Those decisions have been shown to
remain fairly stable for the rest of their time in high school (Sadler et al., 2012). This means that
students who decide they are not interested in science will likely remain uninterested until
graduation. However, the decrease in science interest in middle school and high school comes at
a time when the careers in science are growing and society is giving larger attention to more
scientific topics. This decline is seen through many parts of STEM disciplines, and is a concern
in regards to maintaining and increasing productivity and helping the US to remain
internationally competitive (Holmes et al., 2017). The decisions being made, though, are not just
those that will impact future classes and future careers. They also come at a time when students
are formulating the personal beliefs they will take into adulthood.
These personal beliefs that students are formulating towards science have a large impact
on society as a whole because, as adult citizens, they will play a large role in the future direction
of the country (Rousell & Cutter-Mackenzie-Knowles, 2020). For example, there are many
decisions to be made politically and legally that necessitate knowledge with a scientific
background, but this importance may best be seen in our culture in the ideas of climate change
science. There are those who have a willful ignorance towards climate science that resists
correction, and their thoughts often will not change even when presented with new information
and concrete points of data (Mason, 2020). Earth Science education during adolescence, then, is
only one of many influences, which also include information outside of school that comes from
family and friends (Stevenson et al., 2019). There is a strong need to help students learn how to
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understand the science behind complex discussions, like that of climate change, as they also
navigate the various influential voices in their lives.
Background
The early 2000s ushered in a change in the way the United States was approaching
science education, introducing STEM education as a way to get more students interested in
science and math while in high school, so they might later pursue a career in the growing fields
of technology and engineering (Sanders, 2009). Now, STEM is a commonly known acronym for
Science, Technology, Engineering and Math, and has found its way into many different fields of
study in a variety of ways. Because science and math stand as the foundation for understanding
the world and its universal processes while engineering and technology work to discover how
humans interact with the world in which they live, studying the four STEM disciplines can mean
careers for students in the fields of computer technology, manufacturing, medicine and
pharmaceuticals, and green energy, among others.
While STEM has been around for decades, it has not been known publicly as that, as
STEM ideas were long used in the business world, but not in education (White, 2014). The push
for more understanding of each discipline historically increased when the US needed more
technology training during WWII (White, 2014). The interest increased again when the US saw
the Soviet Union succeed in launching Sputnik into space, an event that kicked the race to put a
man on the moon into high gear (White, 2014). What followed was the creation of the National
Aeronautics and Space Administration (NASA), a unified national movement to improve and
teach new math and science curriculum, and a surge in graduates in the STEM fields (White,
2014). The US is now at another crossroads as there is an ongoing global race for better and
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newer technology, and new jobs in these fields are growing that need new qualified people to
meet that demand (White, 2014).
Originally, in 2007, the National Science Foundation (NSF) was working to develop a
new curriculum that would change how science and math were emphasized, ultimately aiming to
grow interest in the engineering and technology fields. Furthermore, they wanted students to
develop critical thinking and creative problem-solving skills to help make them more marketable
in the job-market (White, 2014). This suggests that if the United States was going to make a big
push in these fields of technology and engineering in the new 21st century, then students first
needed to have a solid foundational understanding of science and math.
The NSF centralized their attention on a plan of education that would help the United
States be competitive in the overall global and knowledge-based economy (White, 2014). The
first issue the NSF plan addressed was making sure schools were adhering to formal STEM
education (White, 2014). At the time, they were finding that early college students were not
prepared to take college level courses, specifically because they saw that science education
varied throughout the country, both horizontally between states and vertically between grade
levels (White, 2014). There were often too many topics covered, and not enough of the content
went far enough in depth to offer any real foundational understanding of science or math.
Additionally, students were not gaining mastery of key concepts at the elementary and middle
school levels, which limited their success at the high school level (White, 2014). Their findings
showed that 30% of students were not prepared for college courses or they were entering the
workforce without the key scientific, mathematical, and technical skills that employers required
(White, 2014).
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The NSF also focused attention on gaining new science teachers. The legislation that
came as a result of the No Child Left Behind Act in 2001 was supposed to correct the shortage of
qualified science and math teachers by increasing the attention given to science and math teacher
education (Sanders, 2009), and the NSF addressed this in effort to both better train current
teachers and find new teachers. The issues were two-fold though, for schools when they went
looking for qualified teachers. First, STEM-trained professionals often did not want to be a part
of education, and second, the current educators were not acquiring the proper training to teach
the new material (White, 2014). Schools were unprepared to offer the necessary support and
mentoring to teachers, and underfunded to be able to compete in the greater job market for
already trained professionals (White, 2014). At the time of their study, the NSF suggested that
STEM teacher’s compensation should be more in line with others in the STEM field, or that
those interested in entering STEM education should get tuition assistance (White, 2014).
Additionally, they suggested that those currently teaching STEM should receive content
knowledge for what they are expected to teach – through seminars or additional coursework –
which could be done in collaboration with public universities (White, 2014).
To potentially meet the needs of what the NSF laid out, a new set of science standards
was adopted in 2013, known as the Next Generation Science Standards (NGSS). These were not
federally laid out standards, but instead a multi-state effort with each state holding the option to
adopt the new standards (Next Generation Science Standards, 2013). Twenty states have now
fully adopted the new standards, and another 24 have their own standards built on the NGSS
framework (NSTA, 2014). The promise behind the NGSS was that students would get common
science standards across the United States, which aligned with the goals of the NSF. The goal of
the NGSS was to build more interest in STEM and better prepare high school graduates for
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college and the jobs that follow (Next Generation Science Standards, 2013). This new
framework created a significant change from the science curriculum used in the past to one that
provides both deeper experiences and understanding of science concepts and practices (Bybee,
2014). These new standards were designed to emphasize scientific and engineering practices,
such as forming arguments based on evidence, using and developing models, and discovering
solutions (Next Generation Science Standards, 2013).
In Grand Haven Area Public Schools, the science curriculum has been seen ongoing
changes due to the changes to NGSS. These changes started coming in 2017 as Michigan was
changing over from Common Core Curriculum. Most of the high school curriculum has been
changed to incorporate the new standards, but it is still not a finished product. Part of the issue
remains getting all teachers throughout all levels of the school district on the same page so that
students are learning the correct topics at the correct age level, and also so students are not
learning the same material more than once.
There is still a lot that remains unknown about the efficacy of new STEM education
standards because many schools are still working on fully implementing the new curriculum. The
data suggests that the STEM field is still seeing constant growth, but is still struggling to find
qualified candidates (White & Shakibnia, 2019). Even so, future estimates show that 65% of
students entering elementary school right now will end up working in careers that do not yet
exist (White & Shakibnia, 2019). This means that the focus of primary and secondary education
needs to continue to be on science and mathematics, the foundations of the STEM field. If the
foundation is built stronger, and the engagement in these disciplines continues to increase, more
students will be prepared for the future potential careers in the fields of science, technology,
engineering, and mathematics.
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Statement of Purpose
The purpose of this project is to develop and present an Earth Science Project-Based
Learning unit devoted to meteorology and climate change. Climate change is a standard that is
heavily emphasized in the latest Earth Science Standards (NGSS Lead States, 2013). This unit
will explore how major storms are changing the Grand Haven lakeshore and examine beach
erosion for the area. Much has been written and designed for ocean communities as it relates to
how they will address rising sea waters, but there is still a gap in projects on how to address this
in the Great Lakes. Many communities are seeing increased flooding, and along the coast of
Lake Michigan there has been heavy beach erosion that has caused lakeshore houses to fall into
the lake. This has led to a mix of community solutions and individual homeowner solutions,
which can run counterintuitive to each other.
Students will both research the issues and what is unique to the Lake Michigan area.
They will also be challenged to look for solutions for their own community. The issue of climate
change is causing higher amounts of precipitation in the Great Lakes which has seen the lakes
steadily rise since the early 2000s (EPA, 2021). This means that the issue of sea level change
will be impacting communities' land, ecosystems, economy and human health (Gronewold et al.,
2013). The goal of the unit will be to draw students’ interest deeper into an issue that they are
likely experiencing in their local community. It will allow students to come up with real
solutions to solve an issue that will have a large effect on their futures.
Objectives of the Project
The main objective of this project is to create a unit that will draw students into a topic
that directly relates to them and their community. The issue in many Earth Science classes is that
the students are disengaged due content that does not have any real impact on their lives

7

Engagement in Earth Science
(Osborne et al., 2003; Lee et al., 2016). For many, topics like mountains, volcanoes, and
hurricanes are not applicable to the area in which they live and are not likely to be experiences to
which they relate. Instead, this unit will push students to think deeper about a topic that is
impacting their community in a real, everyday way. Additionally, they will be discussing a
complex topic with their classmates and working for solutions with people their own age instead
of being told what to believe by friends and family (Stevenson et al., 2019). The hope is this unit
will create an opportunity for the students to take ownership of their learning and to engage with
the topic rather than simply learning the basic facts which might help students pass a test but not
impact their future lives. If students can feel they can make a difference, they may be more
inclined to search for deeper meaning to the topic (Hall & Miro, 2016).
Definition of Terms
Earth Science Education - Encompasses the array of disciplines that are concerned with
understanding how the Earth’s systems, including its biosphere, hydrosphere, atmosphere and
geosphere, function and interact (Orion & Libarkin, 2014).

NGSS - A framework of learning standards which provide a solid foundation in current science
and learning research on the science concepts all K-12 students should know and the science and
engineering practices they should be able to do (Bybee, 2014).

Project Based Learning - An innovative approach to learning that teaches a multitude of
strategies for success in the twenty-first century (Bell, 2010)

Secondary Education: Originally developed in the 1944 education act, it is the phase of
education that takes place when a student turns 11 years old (Barber, 1994).
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Scope of the Project
This project will address climate change as it relates to lakeshore communities in the
Great Lakes. The primary focus will be the Grand Haven lakeshore in Grand Haven, MI, which
is located on Lake Michigan on Michigan’s west coast. The solutions the students come up with
will likely be used in many different lakeshore communities in the Great Lakes region. This will
not have a specific focus on any sort of ocean community, which is already the focus of attention
in sea level rise relating to climate change. That does not mean the solutions cannot be used in
other locations, but that is not the main scope of the project.
Additionally, the local community issues that the students will cover such as storms,
beach erosion, and how to address them with solutions such as seawalls, has become a large
topic in many communities in the Lake Michigan area. This is the main scope of the research that
the students will investigate. This means the goal to solve this issue is primarily along Lake
Michigan, which has a large amount of sand dunes that are being eroded by the water levels and
storms. This may not be applicable to other communities located on water around the world, or
even along the other lakeshores in the Great Lakes.
This project will be mainly focused and intended for secondary school students at the
high school level. The content presented to the students will likely be for a higher level of
secondary education learner. The concepts of the energy from water and rates of erosion may be
too high of a level for most middle school students. That does not mean this cannot be used at a
lower level, but it will primarily be designed for students at the high school level.
There should not be a large cost involved for the project as the students will mainly be
brainstorming solutions and coming up with prototypes, drawings and computer models. If the
students want to take it a step further to truly create something, they could be put in contact with
9
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the i-Create class at Grand Haven High School which focuses on engineering and technology.
This will involve some buy in from local community leaders who will be willing to give their
time to come in, partner with the school and discuss usable solutions with the class.
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Chapter 2: Literature Review
Introduction
Creating higher engagement in secondary science classes involves developing a
curriculum that is more relevant to the lives of the students. Much has been written about how to
increase engagement in education as greater engagement has been shown to help students both
emotional engagement, cognitive engagement, and behavioral engagement (Corso et al., 2013;
Lawson & Lawson, 2014). Still, engagement in the classroom remains one of the biggest
obstacles in education (Fredricks, 2014).
Engagement plays a major role in how many students continue to pursue higher level
science, technology, engineering and math (STEM) classes (English, 2016; Bybee, 2014). This
becomes especially important when considering the way the world is turning to have a higher
emphasis on STEM. There remains a large gap between the number of students who are pursuing
a career in the STEM field and the number of jobs available currently and in the future (English,
2016; Lawson & Lawson, 2014). In recent years, research has been devoted to topics such as
project-based learning and integrated STEM (Asunda & Walker, 2018; Kelly & Knowles, 2016;
Nadelson & Siefert, 2017; Ledley et al., 2017; Bell, 2010; Lie et al., 2018; Struyf et al., 2019).
Within these types of learning exists the idea that connecting material to the communities where
students live and finding solutions to problems they experience will increase engagement (Contis
& Abdallah, 2019; Fredricks, 2014). This additionally offers an opportunity to learn both
knowledge and skills in a way that they will use them in the real world (Nadelson & Siefert,
2017; Ledley et al., 2017; Struyf et al., 2019).
This review of literature will begin by examining research into engagement in secondary
education, including how integrated STEM and Project-Based Learning can lead to higher
11
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engagement. Research will also point to the application of engagement methods in STEM,
specifically an Earth Science classroom. Finally, the review will look into what is known about
creating engagement on the topic of climate change.
Theory/Rationale
The constructivist theory is one which calls for the students to be active in their learning
(Struyf et al., 2019). Modern approaches to teaching, such as project-based learning (PBL) and
integrated STEM (i-STEM), are based on this theory. These are student-centered and studentdriven educational approaches, meaning the structure and scaffolding come from the teacher and
students are the ones who are in control of their learning. It allows the students to use their own
creativity to search for a solution. The teacher is still present to offer guidance and help students
with problem solving. The final product that is produced by students should emphasize the
importance of creativity and solving issues through different means.
The scaffolding is designed to eventually release the responsibility of learning to the
students. As the students gain a greater knowledge of the issue, they will gain more confidence to
take over the learning and solve problems through their own creativity. Being that these are all
different students with different interests and different backgrounds, they should have different
experiences and different solutions that hit on a personal level. When the lessons hit on a
personal level, the students will take on that ownership of learning and through such projects
realize they can have an impact on the world.
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Research and Evaluation
Engagement
Engagement in the classroom goes beyond simply having students read and understand
the curriculum beyond the surface level. It also plays an important role in the students’ lives
going forward. Increased engagement has been shown to help students academically in the
classroom and on standardized tests, while also being linked to decreased dropout rates and
increased graduation rates from college (Corso et al., 2013). Students who are more engaged in
school also tend to feel better about themselves and be more satisfied with their life and their
future (Corso et al., 2013). Research has also shown that those students who are disengaged at
the beginning of secondary school will only see increased disengagement as they move through
high school (Corso et al., 2013; Green et al., 2012). Researchers, educators, and policy makers
have been increasingly focused on student engagement as one of the keys to addressing problems
of low achievement (Fredricks, 2014). Furthermore, many teachers have reported that student
disengagement is the biggest struggle in the classroom (Fredricks, 2014).
Lawson & Lawson (2013) point out that most research on student engagement focuses on
academic engagement and their life in school. This includes looking at the students’ emotional
engagement, cognitive engagement, and behavioral engagement. They make the argument that
school engagement likely goes beyond simply what is seen in the classroom. Further research
may be needed into the ecologies that impact the lives of students outside the classroom. This
should include a look into the students’ peers, families, and neighborhoods. The constructs that
affect student engagement in the classroom may not come from school at all but rather from a
variety of factors outside the classroom.
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When focusing on engagement, purpose should also be considered. If students have a
purpose for what they are trying to accomplish, they will be more likely to be engaged and,
therefore, more successful in a class. Damon et al. (2003) found that depression factors may lead
to a lack of purpose. Their findings showed that those students with a purpose demonstrate more
engagement, have a more focused long-term outlook, and ultimately have a larger reason to stay
engaged in school. Adversely, when there is not a long-term purpose or there is a lack of
optimism, engagement can seem pointless.
How to increase engagement has been studied heavily. From school size, to class size, to
classroom management and extracurricular activities, this idea has gained a lot of traction in
recent years (Fredricks, 2014). There are still many different schools of thought on the topic.
Project-based learning or inquiry-based learning, which allow students to investigate worthwhile
and real-world questions, are among the most popular (Bell, 2010). These methods are often
connected in some way to community-based issues or community-based organizations that have
an impact on the lives of the students (Fredricks, 2014).
Numerous studies have shown that connecting the content to the community the students
are in helps with engagement (Contis & Abdallah, 2019; Fredricks, 2014). As an example at the
college level, Eastern Michigan University started a Creative Scientific Inquiry Experience in
their STEM courses and connected the content to the community around the university (Contis &
Abdallah, 2019). The program focused on inquiry-based learning and active learning activities in
their introductory STEM classes. The curriculum also called for professors to work
collaboratively with other departments and with community partners. Through this curriculum
change, researchers found student engagement increased and the university had a higher
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retention rate for the students pursuing STEM degrees. Additionally, it was found to be
particularly beneficial for first-generation students and underrepresented students.
However, it remains difficult to measure engagement in students in a STEM class. One
reason is that it remains difficult to judge the engagement of all students of different genders,
races, ethnicities and grade levels (Sinatra, et al., 2015). Individual and developmental
differences need to be taken into account. Additionally, a science class is likely to have more
hands-on activities which involves students being up, using instruments and moving around the
class. It would be difficult to judge a science class for engagement under the same criteria as
another subject (Sinatra, et al., 2015). Many factors may impact engagement differently in
science than in other subject areas. This includes scientific and engineering practices, emotions
of students and teachers, misconceptions, attitudes, and gender and identity issues (Sinatra et al.,
2015)
Integrated STEM and Project-Based Learning
Integrated STEM (i-STEM) is a way to combine two or more of the STEM topics into
one common learning experience (Nadelson & Seifert, 2017). This has been shown to have
positive results, which include increases in retention, exposure to real-life experiences, teacherstudent interactions, and interest in STEM (Asunda & Walker, 2018). It has been seen that
students have a lack of engagement when they are learning science and math that is isolated from
other disciplines (Kelly & Knowles, 2016). This type of learning is important because the Next
Generation Science Standards (NGSS) calls for more cross-curricular learning within STEM
(NGSS, 2013).
Cross-curricular learning prepares the students in their future lives outside of a school
setting. In their future lives, students will not simply be using one practice. They will be using
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many different practices. For example, someone in the nursing field will likely use technology,
biology, medical expertise and chemistry in their everyday job (Nadelson & Siefert, 2017).
Classes that are based around a traditional style that focuses on only one subject may not be
preparing students for the future as well as they could. I-STEM would offer students
opportunities to learn knowledge and skills and have experiences like they would face in the
world outside of school (Nadelson & Siefert, 2017; Ledley et al., 2017).
Lie et al. (2018) found positive results with their i-STEM program at the elementary and
middle school level. Furthermore, it created positive results for students of different
demographics. Their findings displayed that both English Language Learners, Special Education
students, and those of minority ethnicities did not show any decrease in attitude towards
engineering at the conclusion of the program. This is especially encouraging given the current
disparities in representation in the STEM field (Eddy & Brownell, 2016). The researchers
suggested engineering practices combined with STEM should be emphasized more at the lower
school levels to create more interest in STEM as students move into middle school and high
school.
Struyf et al. (2019) found positive engagement levels in their ninth grade students when
they used an i-STEM approach. They presented their students with an i-STEM project that
incorporated their content area along with both technology and engineering. Their students were
found to have both emotionally and behaviorally higher levels of engagement after they
participated in the student-centered approach. They found their students appreciated the realworld connections that were drawn with their lesson.
Kelly & Knowles (2019) did a large research project in which they created a framework
for integrated STEM and also encountered significant hurdles. A challenge for this type of
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learning is what falls on the teachers. Part of this is because the teachers themselves have not
been trained in how to properly connect their content with other STEM disciplines (Kelly &
Knowles, 2016; Ritz & Fan, 2015). They may not be familiar with the other disciplines and may
need to learn proper terminology and skills (Roehrig et al., 2012). Additionally, the United States
process of education with department agendas and final examinations does not have the proper
focus currently to appropriately implement an i-STEM program. Thus, researchers suggest
professional development for teachers and the addition of appropriate technology to enhance
learning (Kelly & Knowles, 2016; Ritz & Fan, 2015) .
Project-based learning (PBL) has been found to be an effective solution to engagement in
the classroom. PBL is an inquiry-based learning method which uses several collaborative
strategies to research and create projects to solve 21st century problems (Bell, 2010). It was
developed originally in medical schools in the 1960s as a way to focus on human learning and
the application of medicine instead of simply sorting facts (DeGraaff & Kolomos, 2007). PBL is
a type of inquiry-based learning (IBL), a student-centered learning strategy where students learn
from doing (Leggett & Harrison, 2019). It is teacher facilitated but student-driven because
students work collaboratively to solve a real world problem (Bell, 2010).
PBL typically will have a culminating final project that can be presented to the class or
even a group of community members where students receive feedback on the benefits of their
ideas (Bell, 2010). In this way, it can connect the students to their local community, so they can
feel they actually have a voice being heard by decision-making adults. This approach might also
present unique perspectives to the community that perhaps have not been fully investigated.
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STEM and Earth Science
STEM education is gaining in importance as all facets are seeing an increase in relevance
in developed nations. With the world at a constant push to increase technology, there is also a
push to improve STEM skills to meet both current and future social and economic challenges
(English, 2016). The National Research Council (2014) laid out the framework for STEM
education. The main goals are to increase the number of students who pursue advanced degrees
and careers in STEM, expand the STEM capable workforce, and increase STEM literacy for all
students. STEM literacy asks students to develop the knowledge and skills needed to identify
real-world problems, develop an ability to explain the natural world with this knowledge, and
develop a willingness to engage and reflect upon STEM-related issues as a global citizen (Bybee,
2014).
All students, regardless of their future career, should have the knowledge and skills to
deal with the changes and challenges that come from an information-based and technologicallyoriented society (Thibault et al., 2018). Stearns et al. (2016) found that STEM teachers at the
high school level play an important role in shaping students’ future opportunities in STEM. This
suggests these issues are not solved simply by reaching students and retaining them once they are
in college, but rather it is the characteristics of their secondary schools that make a profound
impact on all students who may pursue a future career in STEM. Unfortunately, there has not
been a set guideline for how to implement STEM in schools. This has led to a varied approach
from schools and has resulted in different schools putting different emphasis on different STEM
subjects at different grade levels (Ritz & Fan, 2015). It would be beneficial to find a way to align
the common standards nationwide in ways they are done in other developed countries around the
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world (Ritz & Fan, 2015). While NGSS went a long way in trying to solve this issue, they are
standards that have not been adopted by all states nationwide (Moore et al., 2015).
Sinatra et al. (2015) makes the point that simply making scientific practices engaging
may no longer be enough. Many societies are now seeing a growing distrust with scientific
practices and many of these science conceptions come in conflict with human experience and
perception. In order to gain a full understanding of the nature of science that is consistent with
authentic scientific practices, it may require both cognitive and emotional engagement that is
associated with the needed conceptual and epistemic change.
Earth Science acts as an important component of a student's STEM education. Some of
the basics of Earth Science might be obvious such as mountains, oceans, and volcanoes. The
greater impact comes from understanding humans’ influence on the Earth. Topics such as
climate change, environmental sustainability, protecting the environment, and resource
management are gaining a greater importance (Vasconcelos & Orion, 2021). These issues will
play a major role in the lives of students in the next generation.
Vasconcelos and Orion (2021) presented the importance of several pillars of earth science
education, one of which is the importance of sustainability. Earth Science is a class that helps
students understand how Earth’s different systems interact and how humans play an important
role in those systems. By building a holistic view of the Earth, students are able to gain a greater
understanding of how to create a sustainable life and minimize major environmental impacts.
Furthermore, the educators that can find new resources and strategies will be leading students to
quality practices within the field of sustainability and will promote hope and action among their
students (Vasconcelos & Orion, 2021).
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For decades, governments and education systems have pushed an altruistic approach with
campaigns for recycling, water use, and saving energy. Vasconcelos and Orion (2021) show that
those campaigns have not been successful. This largely is because people in developed nations
are more driven by egocentric concerns rather than altruistic concerts (Levy et al., 2016). This
was even seen most recently in the COVID-19 pandemic, when many people were more
concerned with the idea of self over the greater good (Vasconcelos & Orion, 2021). These past
environmental campaigns were based on the premise of being selfless and giving time and
energy to save the planet. Vasconcelos and Orion (2021) instead suggest that Earth Science
education should move to an egocentric system in which humans view themselves as one small
part of the dynamic planet. Throughout Earth’s history, science has displayed that the Earth
always recovers from drastic changes but certain species do not survive. An egocentric approach
would be to see that the Earth will recover from any destruction caused to it by humans while the
human race may not necessarily recover.
Creating a curriculum that is meaningful to students involves making the content more
authentic and more relatable to their lives. Oftentimes, relatability can be difficult in Earth
Science curriculum which involves topics such as mountains, volcanoes, rivers and oceans, many
of which are not geographical landmarks in many students’ communities. Earth Science explores
more than that content, though. It covers a multitude of topics that do have a profound impact on
students’ lives in the here-and-now. It is about food, air, water and energy used (Orion, 2017).
Orion (2017) argues that Earth Science is a class with high relevance potential yet is still one that
is not highly emphasized in schools.
Even though the need for Earth Science education is taking a larger role in modern day
society, the view of it within education has not changed from the previous century (Orion, 2019).
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Part of this is the concepts in Earth Science are often wrongly considered to be of less rigor and
substance in comparison to other science disciplines (Hoffman & Barstow, 2007). This gap is
also perpetuated by the idea that it was not heavily emphasized in the past, so many adults,
policy makers, and politicians do not see the importance of it in modern day education (Orion,
2019). This cycle has resulted in little change in the profile in most schools and little change in
how Earth Science curriculum is taught (Orion, 2019).
Orion (2019) calls for changes at both the secondary and university levels to improve the
current view of Earth Science education and turn to a more holistic approach. The current Earth
Science educational methods are not fully taking advantage of the inquiry-based learning, PBL,
and i-STEM approaches that Earth Science provides (Orion, 2019). Earth Science is based
around the natural processes and interactions between the atmosphere, biosphere, hydrosphere,
geosphere, and biosphere, showing it could fit well with an i-STEM or PBL approach (Orion,
2019). Instead, many teachers have not been open to sweeping changes and are mainly relying
on traditional and conservative methods that are similar to the ways that they learned in college
(Orion, 2019). Changing how Earth Science is taught now will change the profile for the next
generation and provide a higher profile in the future of education (Orion, 2019).
Engineering and Technology
Engineering and technology are aspects that are more strongly emphasized in the NGSS
(2013). These are important skills that will both help a future workforce increasingly dependent
on both (Asunda & Walker, 2018). Economies around the world are placing increased emphasis
on the knowledge that comes from learning technology and engineering (Ritz & Fan, 2015).
Additionally, STEM education creates a knowledge base that is important in the workforce that
is not just about what someone knows, but what they are able to do with that knowledge (Asunda
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& Walker, 2018; Moore et al., 2015). There is a belief that an increased focus on engineering
programs or integrating engineering content into STEM education will enhance students’
learning and interest in STEM subjects (Ritz & Fan, 2015). Adding engineering and technology
to a science curriculum offers students the opportunity to apply their knowledge (Asunda &
Walker, 2018). Indeed, the hands-on activities and real life problem-solving that are embedded
in the study of engineering and technology have been shown to increase engagement, along with
helping students to develop 21st-century skills (Asunda & Walker, 2018; Ritz & Fan, 2015).
Science education has been trying to incorporate new ways to use technology for close to
45 years (Linn, 2003). In that time, the added technology has stimulated research in science
instruction, introduced new fields, and explored impacts of new technologies (Linn, 2003).
Technology integration in education has grown by a tremendous amount, crossing over to being
used in every subject. Since the addition of personal computers, students have been able to learn
with and learn about technology (Linn, 2003). What began as a way to simply use programs like
word processing has evolved into the use of a wide range of programs, many which are tailored
to specific students and classes (Linn, 2003). Researchers have found that students experience
positive learning effects from computer simulations that can visualize invisible phenomena and
provide opportunities of manipulating experimental variables (Rutten et al., 2011). Teachers
today continue to find ways to use new technology, and this is ever true in STEM.
Many schools in recent years have added a stand-alone engineering class to both meet the
current engineering standards and as a method to improve math scores (Roehrig et al., 2012).
This can cause problems, though, as often these are elective classes so not all students are getting
the engineering curriculum (Roehrig et al., 2012). Additionally, these classes were often taught
with a view only on engineering curriculum, with little or no cross-over to science or math
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(Roehrig et al., 2012). This increases the importance of a STEM course that properly implements
the technology and engineering concepts to all students. Proper integration of engineering within
the science curriculum will be needed in order to fully reach the potential that an engineering
component can add to a science class (Moore et al., 2015). This may also call for more
professional development for both teachers and administrators to meet this need for engineering
integration instead of hoping to meet the engineering standards simply through a stand-alone
class (Moore et al., 2015).
Student engagement in engineering and technology does not necessarily mean that
students will gain a increased understanding about the nature of science (Sinatra et al.,
2015). When students engage in lessons and activities based around scientific inquiry but do not
relate it back to how the inquiry process has built their scientific knowledge, their understanding
of science remains unchanged (Sinatra et al., 2015). In many cases, STEM has incorporated
technology and engineering into their curriculum simply as a way to show how these
applications can be used in science and math lessons (Ritz & Fan, 2015). The project-based
learning, inquiry learning, and i-STEM approaches that successfully use technology and
engineering in a cross-over with different disciplines—and have seen a lot of success as ways to
incorporate real-world problems and real-world solutions—are not being used enough.
Roehrig et al. (2012) used a physical science class to discover the typical ways that
teachers have tried to integrate engineering into the science lessons. They found that the most
successful integration came using engineering as a culminating activity to a unit. In this method,
students use their scientific knowledge to design a solution and is a seamless integration of both
science and engineering. Another approach was to begin a unit with an engineering concept and
allow those concepts to lead to the learning of knowledge for the students, though this method
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was not as successful as teachers often missed opportunities to explicitly teach science concepts
that were connected to engineering, so lessons ended up looking more like traditional
engineering lessons rather than integrated lessons.
Climate Change
With global temperatures continuing to rise, what happens to the Earth and how humans
respond to those changes will largely fall on and impact those young generations who are going
through school right now. However, there remains a large gap between societal and scientific
understanding of climate change (Ledley et al., 2017). Addressing climate change does not only
fall on one country or one geographic location, and instead it will require action at all levels of
society, including individuals, businesses, along with local, state, and national governments
(Ledley et al., 2017). This is not an issue that can be solved simply through life experiences upon
graduation (Ledley et al., 2017). Beginning at a young age, it is important to learn about the
impacts of climate change in order to avoid creating repercussions that can last for thousands of
years.
In 2020, Roussell and Cutter-MacKenzie-Knowles reviewed the impacts of education on
climate change and the understanding of the topic by the public. Because of the political
movements in many developed nations, students are either seeing wide-spread climate denial or
the apocalyptic and catastrophic versions of the topic (Rousell & Cutter-Mackenzie-Knowles,
2020). Being caught between two extreme schools of thought can cause anxiety amongst young
people, even to the point that 25% of young people believe the Earth will end in their lifetimes
(Tucci et al., 2007).
Monroe et al. (2017) found in their review that many secondary teachers are confused
about what direction they should go with their curriculum due to societal misconceptions, and
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many youth do not yet understand the basic climate science. Some focus simply on delivering
factual information about climate change while others focus on critical thinking to help students
understand the sources of conflict about climate science. Still others report that concerns from
parents or the community prevent them from teaching climate science at all. Educators teaching
climate change have a difficult challenge of creating a welcoming atmosphere to a wide range of
perspectives on the subject while also working to resolve any misconceptions about climate
science that are strongly embedded in society.
Some students who have gone through climate classes have reported that they have
gained knowledge but fail to understand how it is relevant to their life (Nam & Ito, 2011). This is
largely due to most climate change impacts being either polar ice caps and glaciers melting or
sea level rise, which do not have a profound impact on the communities where a lot of people
live (Monroe et al., 2017). Higher engagement with climate science has been seen when the
material can be made more relatable to the lives of the students, especially when lessons that
relate the science to the areas and communities where the students live. Thus, they can begin to
see and understand how it will directly impact their lives (Monroe et al., 2017; Cone et al., 2012;
Theobald et al., 2015). Making the material relevant to the lives of the students is a prerequisite
for good education as it enables learners to link what they already know with new material,
creating interest and meaning (Monroe et al., 2017).
Simply having education is not enough, though. There needs to be a combination of
knowledge with beliefs, intentions, and motivations to properly enact change (Ledley et al.,
2017). This may mean that climate change needs to shift from being simply a topic of science to
include social science, civics, government, and humanities (Ledley et al., 2017). This may be
made more difficult in modern day society. In 2010, Selby and Kagawa (2010) found that some
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of the widespread climate change denial had entered education sectors. If this denial within
education continues, then making curriculum changes that include non-science subjects will not
be easily done.
To overcome these challenges, lessons that have hands-on learning and active
engagement were found to be beneficial (Monroe et al., 2017; Ledley et al., 2017). With this,
another important aspect to the learning process would be including social-constructivist
perspectives as students obtain knowledge through social interactions (Monroe et al., 2017).
These could include but are not limited to class discussions, debates, and opportunities to share
and listen to different perspectives (Monroe et al., 2017). This may call for a new type of
curriculum than what has been used in the past because many of these lessons used in the past
did not hold for the possibility that people might view scientific data differently or ignore
scientific facts (Monroe et al., 2017; Rousell & McKenzie-Cutter-Knowles, 2020).
Still, there remains an important role for climate classes that goes beyond simply sharing
the science with the greater community. In their 2020 research, Rousell and Cutter-MacKenzie
(2019) make the point that climate change education presents an opportunity to listen to the
voices of young people. This could open up a new field of educational experience when it is
inclusive and led by the students (Cutter-MacKenzie & Rousell, 2019). This gains importance
when it is considered that younger generations are those who will be experiencing the greatest
effects from climate change. Additionally, these young students will be inheriting issues that
they have had little part in creating. It is time to begin to move on from simply listening to what
children have to say and include young people as part of the research where they influence the
methodology, analysis and outcomes of the research (Cutter-MacKenzie & Rousell, 2019). These
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ideas could play an important role in more deeply engaging people to work to solve the problem
of climate change.
Traditionally, educators have taken a top-down approach to lessons that are rooted in the
teacher dispelling material to the their students, effectively talking at them rather than allowing
them to take charge of their own learning. Instead, educators needs to embrace important bottomup curriculum that focuses on solutions and empowers students to participate in mitigation
efforts that solve the problem (Rousell & Cutter-MacKenzie, 2020). Success has been found in
bottom-up lessons that include incorporating technology into students’ experiences and creating
an emotional response where lessons were done with artwork or narratives (Rousell & CutterMackKenzie, 2020). Again, like i-STEM, this approach is grounded in the ideas that crossing
over to other disciplines and subjects helps with the learning process and puts students in a more
real-world situation. Additionally, giving students the opportunity to show how solutions can
impact their communities will help them engage with the material on a deeper level.
Take for example that the climate in the states of the Great Lakes Region is controlled
heavily by the Great Lakes themselves. As warming continues, precipitation is expected to
increase in the region during the 21st century (d’Orgeville et al., 2014). Wuebbles et al. (2019)
created a common framework for how climate change will alter the Great Lakes. Temperatures
in the region are expected to increase by 2.7°F to 7.2°F depending on future greenhouse gas
emissions. Because warmer air holds more water, this is expected to lead to increased frequency
and intensity of rain and snow events. Wetter winters and springs are expected while there will
be drier summers. While it is uncertain how much overall water levels will change in the Great
Lakes, there is expected to be an increase in spring flooding events which will also trigger
increased runoff and soil erosion. According to some simulations, the coast along Lake Michigan
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may see the largest increase in precipitation in the state of Michigan (d’Orgeville et al., 2014).
Incorporating education on how it can relate to different communities in the Great Lakes region
will be important.
While little has been done to examine potential engineering changes for the Great Lakes
due to sea level rise, there has been work done on how engineering relates to other natural
disasters. The importance of this is seen in the southern United States. While they are not a
location that has the highest number of tornadoes, they are the region that has the largest amount
of damage from tornadoes (Barrett et al., 2014). This is due largely to engineering flaws. This
study demonstrates that it is increasingly important that engineering considerations that come
with weather and climate change be taken into account when creating curriculum. Thus, the
knowledge of climate change in the Great Lakes region combined with engineering practice will
likely be needed for future lessons. In order for future generations to be able to approach how
their communities will change, they will need knowledge and skills to make informed decisions
(Cutter-MacKenzie & Rousell, 2019; Rousell & Cutter-Mackenzie-Knowles, 2020).
Summary
Engagement is one of the most important aspects of teaching and learning. An engaged
student can discover more knowledge and build more skills which carry on to their future lives
(Corso et al., 2013; Fredricks, 2014; Lawson & Lawson, 2013). This continues to be a major
need in STEM as there is a lack of students who are interested in higher level STEM and in
STEM careers, which comes at a time when the need is increasing (Nadelson & Siefert, 2017;
Ledley et al., 2017).
There continues to be a large need to properly incorporate engineering and technology
into STEM learning. Since NGSS was introduced in 2013, many schools have been trying to
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align the new ideas that call for a crossover to other disciplines and to incorporate more
technology and engineering into the curriculum (NGSS, 2013) Programs such as PBL and iSTEM can help to effectively accomplish this goal. This allows the students to both learn the
knowledge and build skills they will need to use in the real world (Bell, 2010). This has been
shown to have significant positive results, including increased retention, exposure to real-life
experiences, increased teacher-student interactions, and an increased interest in STEM (Asunda
& Walker, 2018).
Earth Science is a class that is still not heavily emphasized in schools, even though the
NGSS standards called for a greater emphasis (NGSS, 2013; Orion, 2019). Earth Science covers
content that is becoming increasingly important and includes topics such as sustainability,
climate science, recycling, water use, and saving energy (Vasconcelos & Orion, 2021). Being
that Earth Science is a curriculum that already is based on how different spheres in Earth interact
with each other, it is a curriculum that is naturally set up to have a i-STEM approach (Orion,
2019).
One issue that remains is the large gap between societal and scientific understanding of
climate change (Ledley et al., 2017). Climate change is a topic that is still tough to teach because
students are coming from a variety of backgrounds with many different social ideas about the
topic (Ledley et al., 2017). Higher engagement with climate science has been seen when the
material can be made more relatable to the lives of the students and they can apply the science to
the areas and communities where they live (Monroe et al., 2017; Cone et al., 2012; Theobald et
al., 2015). It appears that new approaches to curriculum will be needed that implement hands-on
learning and social interactions so students can properly hold discussions about the topic and
learn from one another (Monroe et al., 2017; Ledley et al., 2017). Additionally, this presents an
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opportunity to bring in the voices of the students to help with problem solving (CutterMacKenzie & Rousell, 2019). Given that future generations are the ones who will be living with
the effects of climate change, figuring out how to best teach the topic remains an important
undertaking for today’s educators.
Conclusions
Engagement at all elementary and secondary education levels is key for increasing the
amount of interest in higher level STEM learning. This is needed now as the world continues to
grow toward an age of higher information, technology, and engineering. Developed nations such
as the United States are in greater need of more people who are pursuing careers in STEM.
STEM education has gone through a long period where students are not engaged in the
curriculum. It is up to the field of education to find new ways to engage these students, so they
can effectively fill these roles in the coming years. Even for those students who do not go into
the STEM field, these skills will still be needed in the modern age with increasingly more
technology and engineering incorporated in everyday life.
In order for engagement to increase in STEM learning, a more holistic approach to
learning is needed, which calls for more hands-on activities and more inquiry-based learning.
Additionally, when this content is connected on a local level, there will be higher engagement
amongst the students. This allows students to look for solutions to problems they see in their
community, instead of simply studying content out of a textbook that may have little influence
on their life. Programs such as PBL and i-STEM can help students to properly learn both
knowledge and skills in a way that they will in the real world.
This is ever true for an Earth Science curriculum. In order for there to be a greater future
emphasis on Earth Science, students now need to understand the importance of the material and
30

Engagement in Earth Science
the impact on their future lives. Topics such as sustainability, recycling, water availability, and
climate change are going to be ever-present in the future, and it is up to Earth Science educators
to make sure students are becoming informed citizens on these issues. That will not happen if the
curriculum is not approached in a new way that sees students as part of the curriculum and part
of problem solving. This involves moving away from traditional and conservative approaches to
teaching and finding more interactive and hands-on activities, while also finding ways to connect
it to the communities that the students live in.
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Chapter 3: Project Description
Introduction
STEM education is in need of new ways to engage students. This is largely because
disengagement is preventing students from gaining the necessary knowledge and skills for life,
and many are not pursuing higher level STEM classes and higher-level STEM education. This is
leaving a large gap in the number of people entering the STEM field at a time when it is needed
most. In Earth Science education, one area that is in need of improvement is in creating and
implementing units and lessons that engage students on a local level. Many of the traditional
lessons are not effectively taking students beyond the textbook and basic levels of learning. The
content oftentimes is not viewed as impactful in the lives of students because the focus is in
geographic areas that are far from where they live. In order to effectively teach Earth Science,
the focus needs to be closer to home and investigate how Earth Science topics can impact the
communities where the students live. Additionally, these lessons should crossover into other
disciplines with more intentionality. They should incorporate technology or engineering to push
students to use knowledge and skills in the same way they would in the real world.
One of the most important topics that students will learn in Earth Science is climate
science and how climate change can affect the lives of students. These lessons should investigate
the broad effects that could happen on Earth, such as sea level rise and polar ice caps melting,
but the sharpest focus should be on how climate change may impact the local community.
Students should be building knowledge and skills that can be applied to their community in the
future, as they will be the future decision makers.
This chapter will include a description of the project being created which will be a iSTEM unit with properties of PBL based around climate change. Students will be challenged to
find solutions for the city of Grand Haven, MI, in preparation for future sea level changes due to
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climate change. This may include ideas for how to change the city and surrounding areas that are
located on Lake Michigan at the mouth of the Grand River. The Grand River is the largest river
flowing into Lake Michigan and is likely to be a river that will see seasonal changes and
increased flooding in the spring. A layout of what the project will entail will be included in this
chapter, as well as an explanation of how the students will be evaluated. Finally, this chapter will
include the overall conclusions and a plan for implementation.
Project Components
This project will be made for a high school Earth Science class, though it could also be
used in a high school Meteorology class. In this project, students will research the issues of
climate and what is unique to the Lake Michigan area. Students will also be challenged to look
for solutions for their own community. The goal of the unit will be to create increased interest in
an issue that they are likely experiencing in their local community. It will allow students to come
up with real solutions to an issue that will have a large effect on their futures. The lessons
included will be developed with the idea of hands-on learning that crossover to other STEM
disciplines.
The unit will close with a final project where students search for solutions for the future
of Grand Haven as the city looks to evolve its responses to the effects of climate change. The
hope of this final project in the unit is that students will eventually present their ideas and
findings to a group of community leaders. They will receive feedback from the adults in their
community on the benefits of their ideas. In this way, this project can directly connect students
to their local community so they can feel they have a voice with decision-making adults. This
will also present new perspectives to the community that perhaps have not been fully
investigated.
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This unit will begin with historical data about the water levels of the Great Lakes
(Appendix A, 42). This lesson will take students through the last 100 years of water data in the
region. Students will be asked to look at graphs about the lake levels and analyze what it is
communicating about the past lake levels in the Great Lakes. Students will see that water
fluctuations on the Great Lakes are normal—when the lake's water levels are low, they are due to
rise, and when they are high, they will eventually recede. This was most recently seen in 20192020 when the lakes reached levels they had not seen since the 1980s. The reason that they go
through changes is not due to simple evaporation of lake water or precipitation on land; that
would be taking out the same water that goes back into the watershed. The next lesson, then, will
examine the large reasons for the significant changes.
A notable reason for these changes is in large part connected with El Nino and La Nina
events. While predicting what will happen with El Nino and La Nina events is difficult, there
does seem to be a strong correlation between these events and the lake levels. This is largely due
to the fact that this is bringing water into the watershed that is not already there. El Nino events
are more likely to bring weather systems that begin in the Pacific and come eastward to impact
the Midwest. This second lesson (Appendix A, 42) will be correlated back to the first lesson
when the students were looking at the lake level data. This time they will be deciphering the El
Nino and La Nina data for the last 30 years from the graphs they used previously. What they
should find is that the years there is a strong or very strong El Nino, the lake levels see a spike,
and in the years there is a strong or very strong La Nina event, the lake levels go down.
That concept in of itself is not going to tell the whole story of lake levels, though. El Nino
and La Nina events are unpredictable and hard to forecast. The students though should find that
climate data is demonstrating that El Nino events are becoming more common as warming in the
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Pacific Ocean waters continues (Yeh et al., 2009). This means that with a higher instance of
these events occurring, the lakes have a higher chance of increasing levels in the future.
Lesson three (Appendix A, 44) will deal with the future impacts of climate change.
Generally, this has been done with an idea of seeing melting glaciers, melting ice sheets, and sea
level rise around the world. As was discussed in chapter two, climate change has a higher
engagement when the topic is focused on the local community. So, this will be a lesson about
how climate change is expected to impact the Great Lakes, particularly the Grand Haven area.
Grand Haven is a unique area sitting on Lake Michigan at the mouth of the Grand River, creating
a spot where two significant sources of water meet. Future climate change says that an area like
this will be susceptible to changes such as beach erosion, dune erosion, and seasonal flooding
from the river. These lessons are designed to take students beyond the basic climate data to study
the actual impacts at a local level.
In order to make students more aware of the effects of climate change on the soil and the
river, the unit will next focus on those individual effects. Students will be looking at river
flooding on the Grand River (Appendix A, 46). They will explore how much of Grand Haven
will be impacted by flooding. To do this, they will be using a laminated topographic map of the
Grand Haven area. Students will be asked to color in three different areas on the map. One is the
river, the second area would be the location of a 50-year flood, and the final will be the location
of a 100-year flood. The main concept they will be learning through this is that there are areas
that they are familiar with that will be affected. Additionally, simply because it is a 50-year or
100-year flood does not mean they only happen every 50 or 100 years. It is a statistical
calculation, and those statistics can begin to change as flooding becomes more likely.
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Two hands-on labs will be the next two lessons. Both are designed to show students how
the soil and landscape will change with increased water levels and increased precipitation. As the
air begins to warm, it will increase evaporation and lead to more heavy precipitation on land. In
the soil erosion lab, students will investigate what types of soil are most susceptible to erosion
(Appendix A, 47). To do this, each student will be asked to bring in a bag of soil from their own
home. They will put the soil in a water bottle that has been cut in half the long way. They will
then pour water over the soil to see how much erosion of the soil occurs as it runs through the
bottle and into a cup. Students will then chart on a Grand Haven map where their house is and
how much erosion occurred in the lab to show them which areas are most likely to change in
their area due to heavy rains and erosion. This research can also be connected to the previous
lesson to determine how different areas of Grand Haven will change with increased soil erosion.
The second lab will focus on beach erosion (Appendix A, 50) This lab will be done as a
demonstration with the entire class. Students will observe the types of erosion that occurs with
waves hitting the beach. This will be done with a wave machine, which allows for the students to
watch how the beach changes as waves hit the shore. The waves can be increased and the water
can be increased or decreased to also observe how the beach changes. students will learn what
has been done in the past to protect the shoreline. Students will learn about past solutions such as
seawalls, rock walls, and vegetation.
After a discussion about past solutions to help with beach erosion, the wave tank will be
brought back. Now, students will see how different barriers might help or hurt the beach. They
will experiment with a flat wall, a curved wall, a triangular wall, and rocks to observe what
happens to the beach immediately and overtime. This will also lead to a class discussion about
the costs and benefits of each to see if any pose a good solution.
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The entire unit will culminate in a final PBL lesson (Appendix B, 54). The overarching
question will be, “How can Grand Haven best prepare the city for changes from climate
change?” Students will work in small groups and will be given one area of Grand Haven. Areas
of focus would include the Grand Haven State Park which is located on the beach, local dunes
and bluffs; the Grand Haven pier; downtown Grand Haven; and areas upstream on the Grand
River. With their assigned area, their group will need to explain what changes might occur in that
location due to climate change and what the biggest concerns would be. The key takeaway is
coming up with a solution on how this particular area can combat climate change.

Project Evaluation
The final project will act as the evaluation for this unit. It will encompass what has been
learned in the unit, along with putting skills into practice. In order to have a good solution,
students need to have a clear understanding of what has been covered in the unit to that point.
Grading on the final project will be done by the teacher and a group of community members. The
hope is to bring in someone from the city council, other city leaders, and connect with the local
U.S. Army Corps of Engineers located in Grand Haven. This will give the students real world
feedback from adults who live and work in the community and understand the issue from a realworld perspective. Students will be graded on how well they identified the problems in the
particular area, along with their solution (Appendix B, 55). Creativity will be factored into the
final grading, as well as how well their solution could realistically be implemented in Grand
Haven. Students will also be graded on the presentation they create and how well they work in a
group, which will be assessed by the others in their group (Appendix B, 56).
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Project Conclusions
Past research has displayed that in STEM students will be more engaged when the
content can be related to their lives, so creating content in Earth Science that hits on a local level
is important. With a topic such as climate change, it is beneficial for students to see how it will
impact their community rather than areas of the world they have never been and may never go.
Additionally, the content should be crossed over to other disciplines when they use technology
and engineering practices. This puts students in a better position to think as they would in the
real world.
The project is also designed to relate to students who live and go to school in Grand
Haven, MI. The areas that are used in this unit are areas the students know well. From the areas
of concern and to the general background knowledge, a student living in Grand Haven will know
and understand why this content relates to their life. For example, students bringing in a soil
sample from their house will provide them the opportunity to see and understand how their house
might be impacted by a higher amount of precipitation. Some of these students will be living in
areas or have family that lives and/or works in these areas that could change due to climate
change.
Additionally, this unit will hit on different disciplines within STEM. It was designed to
incorporate technology and engineering concepts. For the technology, they will be using their
computers to look at past research, data, and maps. On the maps, they will be charting the areas
that are most susceptible to changes due to water level rise. They will also be looking at
engineering concepts such as the different barriers that have been used in the past, and the pros
and cons of each. They will also be asked to use that engineering knowledge to find solutions in
their final project. For math concepts, the students will be looking at graphs and data that they
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need to analyze to understand what it tells us about the past climate in Grand Haven and in Lake
Michigan.
This unit does not go into solutions to stop climate change. Many of those are standards
that should be seen at the middle school level. Given that this is designed for a high school
classroom, students should find out what is expected in the future for their community if climate
change continues to go the way it is going. Students will see first-hand what will happen in their
community, with the hope that they realize the best overall solution would be to slow down the
changes coming from climate change.
Overall, the success of this project will be determined by the engagement of the students.
The goal of this unit is to increase engagement. Engagement is not something that can be
compiled but instead it should be something that is seen in the classroom through the actions of
the students. If the students are showing more interest and asking questions to search for a
greater amount of information in the subject matter, it will reveal that the students are showing a
greater engagement.

Plan for Implementation
This unit provides a baseline and a starting point for investigation into climate change in
the Great Lakes. This takes a particular look into Grand Haven, MI, but this can apply and
should be applied to other areas around the Great Lakes, many of which will be encountering
many of the same problems in the future. For that reason, it will be important to share this
research with the greater science teaching community.
To start, this unit will be shared with other Earth Science teachers in Grand Haven where
it can be incorporated into the curriculum. In the future, it would be beneficial to share this with
other teachers in lakeshore communities so they can expand on this unit in their own unique way.
39

Engagement in Earth Science
In this way, the research can be spread to help many different communities and many different
students in the future. Additionally, it would be good to share with the greater science
community, such as the Michigan Science Teachers Association. This would give the research
the greatest amount of spread around the Great Lakes region.
Appendix A
Unit Flow:
Day 1 - Pre-Quiz and Lesson 1: History of Lake Michigan Water Levels
Day 2 - Lesson 2: El Nino and La Nina
Days 3-4 - Lesson 3: Climate Change Impacts in the Great Lakes
Days 5-6 - Soil Erosion Lab
Days 7-8 - Beach Erosion Lab and Discussion on Barriers
Day 9: Lesson 4: Flooding in Grand Haven
Days 10-13: Final Project
Day 14: Final Presentations

Unit Pre-Quiz
To the best of your ability answer the following questions. This is a pretest and your answers will
be used to guide the unit. This will not impact your grade in any way.
1. What is worldwide evidence that displays changes in climate change?
2. What do you suspect would occur with greater heat around the Great Lakes region?
3. What is El Nino and La Nina?
4. As climate change continues what will happen in Grand Haven?
5. How will these changes impact the greater community?
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Lesson 1:
History of Lake Michigan Water Levels
Standards: HS-ESS2-5
Directions: Use the link below to answer the questions. When you get to the website, change the
starting year to 1900 and keep the final year at today’s year. Use the graph to answer the
following questions.
Link to the data:
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9075014&units=standard&bdate=190007
20&edate=20220721&timezone=LST/LDT&datum=IGLD&interval=m&action=
(Permissions: Appendix C, 58)
1. Describe the general pattern that is observed in this graph?
2. What is the highest water level in Lake Michigan and when did it happen?
3. What is the most recent high water level and when did it happen?
4. If nothing else changes what type of trend would you expect to occur in the future?
5. If there is a really high water level, what does history tell us is bound to happen in the
future?
6. If there is a really low water level, what does history tell us is bound to happen in the
future?
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Lesson 2
El Nino and La Nina
Standards: HS-ESS2-5, HS-ESS3-4, HS-ESS3-5, HS-ESS3-6
Students should have a print out of the lake level graphs seen below so they can analyze
the data and draw on the graphs.

Directions: You will be looking at lake level data again. This time you will only analyze
the data going back to 1990. You will then compare it to the second graph that you have in front
of you. Follow the directions below for what you need to do with these graphs.

(NOAA, 2022 Permissions Appendix C, 58)
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1. Why is something like lake increased evaporation/precipitation from the Great Lakes or
lake effect snow a bad predictor of water level changes in the Great Lakes?
2. If this is the case where would the water come from that would change the lake levels?
3. On your data sheet put a line at these years with a red marker:
1. 1972
2. 1987
3. 1991
4. 1997
5. 2009
6. 2015
7. These are the four strongest instances of El Nino. What do you notice each time
with the water level?
4. On your data sheet put a line at these years with a blue marker:
1. 1989
2. 1999
3. 2007
4. 2010
5. 2021
6. These are the four strongest instances of La Nina. What do you notice happens
each time with the water level?
5. Use your chromebooks to research what El Nino and La Nina patterns are. What causes
them? How often do they come? Is the timing changing at all?

43

Engagement in Earth Science
6. In 2019-2020 the Great Lakes began seeing very high levels of water. The highest since
the 1980s. We began to see high beach erosion to the point that houses were falling off
dunes into the lakes. Many people quickly began to credit this to Climate Change.
Explain through data why this may or may not have been the cause of climate change.

Lesson 3
Climate Change Impacts in the Great Lakes
Standards:
ESS2-4, HS-ESS3-4, HS-ESS3-5, HS-ESS3-6
Part 1: Seasonal Water Levels
Directions: Go to this website:
https://tidesandcurrents.noaa.gov/waterlevels.html?id=9075014
When you get there, find the dates on the left side. Change the years from 2018-2019.
The month and days at this point do not matter. Push the button that says “plot”. A graph
should come up of that entire year’s water levels. Take a picture of the graph, crop it and
paste it here:

Next change the years from 2019-2020 and follow the same directions as before. Plot the
graph here:

Finally change the years to 2020-2021 and follow the same directions. Paste the graph
here:

1. What season has the highest water levels? Why would this be?
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2. If there were an increased level of El Nino years what would that do for the
snowfall in Michigan?
3. What would that do for the overall water levels?
4. What would that do to the seasonal water levels?

Part 2:
1. What would cause a greater amount of evaporation on Lake Michigan?
2. With warmer temperatures, what would happen to the amount of evaporation?
3. How would this impact the amount of precipitation in Michigan?
4. What time of the year would that occur?
5. What would that do to land?

Part 3:
1. If there was increased water levels and increased precipitation how would that
impact the shoreline?
2. Explain in your own words the three biggest factors that could occur in Grand
Haven due to climate change.
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Lesson 4
Flooding in Grand Haven
Standards: HS-ESS2-5, HS-ESS3-6
Directions: Students will be given a laminated topographic map of Grand Haven. Teacher will
describe what they are looking at and give a brief review of how to read a topographic map. The
teacher will also need to explain/review what a 50-year and 100-year flood is. Students will need
three dry erase markers that are different colors.
Step 1: Find the Grand River and use one of your colors to color in the entire Grand River.
Step 2: The normal level for the Grand River is…Color in the area that would be flooded if a 50
year flood happens
Step 3: Use your final marker to color in the area that would be flooded if a 100 year flood
occurred.

Questions
1. What are the major areas that would be affected by a 50 year flood?
2. What additional areas are the major areas that would be affected by a 100 year flood?
3. If these are only 50 and 100 year floods why should we be concerned?
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Soil Erosion Lab
Standards: HS-ESS3-4, HS-ESS3-5, HS-ESS3-6
Students will bring a sample of soil from their house. This will allow students to test the
durability of their soil. Students will also need one plastic water bottle.
Needs:
•

Plastic Sandwich Bag

•

Soil sample from students’ homes. (Sample from home should fill bag)

•

Plastic water bottle

•

Watering can

•

Textbook (to create a slope)

•

Plastic covering (could be plastic wrap or plastic sheeting to keep book and table from
being wet)

•

Paper cup

•

Map of Grand Haven

Part 1:
•

Take your water bottle and cut it in half long ways. Leave the bottle opening fully intact.

•

Put your soil sample from home into the bottle, filling it up as much as possible.

•

Fill 50 ml of water into the watering can.

•

Place your plastic bottle with the soil in it on a slope with a textbook. Make sure the soil
is patted down so it does not come out of the bottle as it is sitting. Put your plastic
sheeting over the textbook. The opening of the bottle should be facing down and close to
the edge of the table.
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•

You will need to hold the paper cup beyond the edge of the table to catch the water and
soil that flows out.

•

Pour the water from the watering can on the soil so it mimics rain falling on the soil.
Watch as the water flows through the soil and into the cup.
o

Take note of how much water the soil holds and how much soil the water moves
into the cup.

•

How much sediment ended up flowing into your cup? Take a measurement.
o

On the screen there is a map of Grand Haven. Please go find your house on the
map and write on the board how much sediment went into the cup. This will give
us a comparison of how different soil will react to heavy rainfall in the area.

Questions:
1. What area of Grand Haven has soil most susceptible to erosion?
2. Go look at the different types of soil others in the class had. What makes the soil easier to
erode compared to other soils?
3. How might this affect the Grand Haven area in the event that the area gets a higher
amount of rain storms in the future?

Part 2: Class Demonstration
•

Needs
o

Three two-liter bottles

o

Top soil

o

Sandy soil

o

Soil with plants (could be soil with mulch or compost in it)

o

Textbook
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•

o

Cups to catch water

o

Watering Can

Bottles should be cut in half the long way to allow for soil to easily put into the bottles.
Leave the top of the bottle fully intact.

•

Put the three types of soil in the three bottles.

•

Put the bottles on the textbooks to make a slope.

•

Put the cups at the bottom part of the bottle to catch the water and sediment.

•

Pour 100 ml of water into each bottle and observe

Discussion questions:
1. What soil held the water best?
2. What soil eroded the most?
3. What soil eroded the least?
4. Why did the soil with plants erode less?
5. What does this mean for erosion in nature?
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Beach Erosion Lab
Standards: HS-ESS3-4, HS-ESS3-5, HS-ESS3-6
Students will investigate how the power of waves change the structure of the beaches and
erode the beaches. They will then investigate how different types of barriers can change the
erosion of sand.
Sand Erosion Demonstration
Needs:
•

Wave Tank

•

Sand

•

Water

Set-up the tank trial 1:
•

Only sand on the slope/shore. No barriers.

•

Send five waves to hit the shore to see how the erosion occurs normally.

•

Students write down observations.

Trial 2:
•

Sand and a small straight barrier on the shore.

•

Send five waves to the shore to see how this changes the erosion.

•

Students write down observations.

Pause for Discussion on different types of barriers that have been used in the past:
Types of Barriers to discuss
Wood:
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Brick

Rocks:

Steel:
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Marsh/Plants:

Discussion Questions:
1. What type of barriers do you think would work best?
2. Which would be the cheapest?
3. Which would cost the most?
4. What would happen to the sand and soils around the barriers?
Continue Lab
Trial 3:
•

Sand and a half circle barrier on the shore.

•

Send five waves to the shore to see how this changes the erosion.

•

Students write down observations.

Trial 4:
•

Sand and a triangular barrier on the shore.

•

Send five waves to the shore to see how this changes the erosion.

•

Students write down observations.
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Trial 5:
•

Sand and a layer of rocks on the shore

•

Send five waves to the shore to see how this changes the erosion.

•

Students write down observations.

Final Questions:
1. Was there a good defense against the rising waters and waves on the beach?
2. What are the downsides of adding a barrier to the shore?
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Appendix B
Final Project
Standards: HS-ESS2-4, HS-ESS2-5, HS-ESS3-4, HS-ESS3-5, HS-ESS3-6
You have been learning about the past climate in the Great Lakes and how the climate
may affect the future of the region. You have learned about how future climate change may
affect the water levels and river systems. Now is your chance to put this into practice. You will
work in a group to answer the following question, “How can Grand Haven best prepare the city
for changes from climate change?” You will be given a specific area in Grand Haven that you
need to focus on. With that area you need to explain what changes can be expected with future
climate change. Then you will need to describe possible solutions that your area could
implement in order to help with future changes.
This project will finish with your group presenting to the class. You will be graded on
your knowledge of what could happen to your area of Grand Haven, the creativity of your
solution and explaining why it could work, but also what drawbacks it may encounter. You will
be graded by the teacher and by a group of community members who will judge how well your
solutions could realistically work. Additionally, you will receive a grade for your presentation
skills and for how well you worked in your group which will be graded by the others in your
group.
The areas of research will be:
•

Downtown Grand Haven

•

Grand Haven State Park

•

Grand Haven Pier

•

Grand Haven dunes and bluffs
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•

Harbor Island

•

East Grand Haven near the Grand River

The following rubric has been provided to help you to know how you will be graded:
Final Presentation Rubric

Understanding
of the problem

Solution

Explanation of
how/why the
change would
help solve the
problem

0

1

2

3

4

Score

Clearly
does not
understand
the problem
at all

Minimally
understands the
problem. Knows
less than what
was taught in
class.

Can explain the
basics of the
problem. Knows
the same amount
that we learned in
class

Can explain
the details of
the problem.
Knows more
than we
learned in
class.

Knows the topic
extremely well.
Can teach the
teacher more
about the problem.

(multiplied
by 2)

Not
addressed

The change was
not planned well
or was not carried
out and did not
address or relate
well to the issue.

The change was
planned or
carried out but
had significant
flaws which were
not addressed.

The change
was planned
and/or carried
out.

The change was
planned and/or
carried out and
addressed the
problem in a
unique and
significant way.

(multiplied
by 3)

Briefly addresses
why the solution
will impact the
problem

Explains the
purpose of the
solution

Explains the
purpose of the
solution and
the expected
results of the
change

Explains the
purpose of the
solution, the
expected results,
and the steps
moving forward
for
implementation.

(multiplied
by 2)

Not
explained

/8

/12

/8

Includes visual

No

Yes, but not well
related to
project/solution

Yes, and related
to
project/solution

--

--

/2

Group Work

Very poor

Poor

Average

Good

Fantastic

/4

Presentation

Did not
present

Presented but was
not overly
prepared. Was
missing major
parts of the topic.

Presented but
was missing
major parts of the
topic.

Presentation
was good but
was lacking
some parts in
preparation or
content

Shows a strong
understanding for
the topic.
Presentation was
strongly prepared

TOTAL
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Group Work Survey
Please rate the other members in your group. Please put the names of the different group
members you worked with and then rate them 1-5 on how helpful they were to accomplishing the
project.
Your Name: ____________________
How do you feel your group worked together?
•

Great! No issues.

•

Good. Only a few minor issues but they did not hurt the overall project.

•

Ok. We had some issues that may have contributed to a lesser project.

•

Bad. The group did not work well together at all. Our final project was impacted by this.

Rate yourself. How do you feel you did working with others in the group?
•

Great. Did a large majority of work.

•

Good. Helpful and got my part of the work done and maybe even assisted others.

•

Average. Did my work and nothing more.

•

Below average. Did a little work but others helped to accomplish my section.

•

I did not help the group at all.

Do you want to add any written thoughts about your work in the group?
______________________________________________________________________________
______________________________________________________________________________

Group Member One Name ______________
How well did this group member contribute to the group work?
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•

Great. Did a large majority of work.

•

Good. Helpful and got their part of the work done and maybe even assisted others.

•

Average. Did their work and nothing more.

•

Below average. Did a little work but needed a lot of help in accomplishing their work.

•

Did not help the group at all.

Do you have any written comments about Group Member One?
______________________________________________________________________________
______________________________________________________________________________
Group Member Two Name ______________
How well did this group member contribute to the group work?
•

Great. Did a large majority of work.

•

Good. Helpful and got their part of the work done and maybe even assisted others.

•

Average. Did their work and nothing more.

•

Below average. Did a little work but needed a lot of help in accomplishing their work.

•

Did not help the group at all.

Do you have any written comments about Group Member Two?
______________________________________________________________________________
______________________________________________________________________________
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Appendix C
Permissions
National Oceanic and Atmospheric Administration (NOAA)
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